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SummaryTimely diagnosis of acute kidney injury (AKI) is problematic due to difficulties in using the “Kidney
Disease: Improving Global Outcomes (KDIGO) guideline” modified for neonates, requiring the search for non-invasive
markers and their diagnostic capacity assessment. Preterm infants with hemodynamically significant patent ductus
arteriosus (HSPDA) are highly vulnerable to developing AKI. Renal biomarker neutrophil gelatinase-associated
lipocalin (NGAL) in urine enables diagnosis of AKI, although literature data on the possibility of its use are somewhat
contradictory.

The aim of this study was to identify diagnostic capacity of the renal biomarker NGAL in urine for the early
diagnosis of AKI in preterm infants with HSPDA.

Materials and methods A total of 29 preterm infants (gestational age 29-36 weeks) with HSPDA were examined
at the Department of Anesthesiology and Neonatal Intensive Care on the first, third and tenth day. The patients were
assigned to groups depending on the development of AKI: the AKI group with any degree of severity - 14 children,
and the group without AKI - 15 children. To determine the influence of HSPDA size on the level of urine NGAL, the
children were further divided based on ductal size: HSPDA diameter >2 mm - 11 children, and HSPDA diameter < 2
mm - 18 children. The urine NGAL level was quantitatively measured using sandwich enzyme-linked immunosorbent
assay according to the manufacturer's licensed instructions (ELISA Kit, 96, USA).

The study has a positive conclusion of the biomedical ethics commission of the Dnipro State Medical University
(protocol of the commission meeting No. 2 dated October 19, 2022)/

A set of statistical research methods was used to solve the tasks and check the initial assumptions, namely: for
independent samples - the Mann-Whitney test, for dynamic assessment - the Wilcoxon signed rank test. The test
for the normality of the distribution of quantitative samples was carried out using the Kolmogorov-Smirnov test.
Statistical processing of the results was carried out using the software product STATISTICA 6.1® (StatSoft Inc.,
serial number AGAR9O9IE415822FA).

The work was carried out within the scope of complex research works of the Department of Propaedeutics of
Children's Diseases and Pediatrics 2 of the Dnipro State Medical University "Development of criteria for early
diagnosis and prediction of comorbid kidney damage in children with somatic and infectious diseases" (state
registration number 0119U100836) execution 09.2019-12.2023.

Results. In the group of children with AKI, the significant increase in the urine NGAL level was observed from the
first to the tenth day. For example, the urine NGAL level was 2.2 times (p<0.002) and 2.4 times (p<0.001) increased
on the third and tenth day, respectively, as compared to that on the first day, while in the group without AKI, urine
NGAL level was 1.3 times (p<0.04) increased on the third day compared to that on the first day. On the tenth day, in
the group without AKI, the urine NGAL level was increased by 1.6 times (p<0.007) compared to that on the first day
and by 1.2 times (p<0.04) as compared to that on the third day.

The data obtained were confirmed by the clear correlation between the urine NGAL level and the development of AKI.
For instance, the urine NGAL level at the first day was significantly correlated with AKI on the third and on the fifth day:
p=0.72, p<0.001 and p=0.75, p<0.001, respectively. On the third day, the urine NGAL level was also significantly correlated
with AKI on the third and on the fifth day: p=0.65, p<0.001 and p=0.73, p<0.001, respectively. It was particularly important
that the urine NGAL level on the first day was significantly correlated with the maximum stage of AKI: p=0.76, p<0.001.

In preterm infants with HSPDA size > 2 mm, the urine NGAL level on the first day of life was 1.7 times higher than that in
children with HSPDA <2 mm (p < 0.002). It was also observed on the third day as in preterm infants with HSPDA size > 2 mm,
the urine NGAL level was 2.3 times higher than that in children with HSPDA <2 mm (p < 0.001). On the tenth day, there was a
2.3-fold higher urine NGAL level in the group with ductal diameter > 2 mm as compared to the group with ductal diameter <2 mm
(p < 0.003). The correlation between the urine NGAL level and the size of HSPDA has been found to be quite revealing. Notably,
on the first day, urine NGAL level was significantly correlated with the HSPDA size: p=0.66, p<0.001, and on the 10th day, it was
significantly correlated with the ductal size on the first day: p=0.70, p<0.001. In addition, the urine NGAL level on the first day
was significantly correlated with the HSPDA size on the third day: p=0.49, p<0.015. The significant correlation between the urine
NGAL level on the third day with the ductal size on the third day has also been revealed: p=0.47, p<0.019. Finally, on the 10th day,
the urine NGAL level was significantly correlated with the HSPDA size on the third day: p = 0.46, p < 0.022.

Conclusions. The elevated urine NGAL level has been found to be a reliable marker of the AKI development in preterm
infants with HSPDA: it was 1.7 times (p<0.001), 2.8 times (p<0.001) and 2.6 times (p<0.001) increased on day one, three
and ten, respectively, in children with AKI in comparison with those examined without AKI. In preterm infants with HSPDA
diameter of > 2 mm on the first day, the urine level of NGAL was significantly increased on the first, third and tenth day.

Key words: Preterm Infants; Hemodynamically Significant Patent Ductus Arteriosus; NGAL Urine; Acute
Kidney Injury.
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Introduction

Acute kidney injury (AKI) occurs in 29 - 70% of
preterm infants at intensive care units and leads to a
50% increase in mortality rate [1,7,9,10,12]. Preterm
infants with hemodynamically significant patent
ductus arteriosus (HSPDA) are highly vulnerable due
to left-to-right shunt across the ductus arteriosus,
leading to hypoperfusion in end organs including
the kidneys [2,3,16]. Timely diagnosis of AKI is
problematic due to difficulties in using the “Kidney
Disease: Improving Global Outcomes (KDIGO)
guideline” modified for neonates, since its criteria
are based solely on an elevated serum creatinine level
and a decreased urine output. In fact, physiological
postnatal oliguria may occur in newborns on the
first day of life. In addition, an increase in serum
creatinine level within the first 48 hours of life
can be expected, and the diagnosis of AKI could
not therefore be made until the third day of life in
infants [9,19]. Taking into consideration that serum
creatinine is relatively lacking sensitivity to AKI
and does not reflect real-time changes in glomerular
filtration rate, since its functional decrease can reach
50% before a valuable increase in serum creatinine
level, new biomarkers for AKI are being currently
studied [3,5]. Various markers are being presently
proposed to diagnose AKI, but no one can serve as
reliable. Neutrophil gelatinase-associated lipocalin
(NGAL) is one of these renal biomarkers, which
increases 2-4 hours after the development of AKI and
enables its diagnosis in the early stages [4,13,22].
Meanwhile, data on the possibility of its use are
somewhat contradictory, for example, A. Sellmer
et al. [8,17,20,21] have found that urine NGAL was
not useful diagnostic marker for AKI detection in
extremely preterm neonates. The need for the use
of nephrotoxic drugs in preterm infants causes an
increase in urinary NGAL, which confirms damage
to the kidneys [11]. All of the above requires further
study of the informative value of this marker [6, 23].

The aim of this study was to identify diagnostic
capacity of the renal biomarker NGAL in urine for
the early diagnosis of AKI in preterm infants with
HSPDA.

Materials and methods

A prospective, cohort study was conducted on
the basis of the Department of Anesthesiology and
Neonatal Intensive Care of the CI “Dnipro Regional
Children's Clinical Hospital” and was approved by the
Medical Ethics Board of the hospital. The study was
carried out in accordance with the principles of the
Declaration of Helsinki. Inclusion criteria were preterm
infants with the gestational age of 29-36 weeks and
HSPDA, informed written consent signed by parents
for their child to participate in the study. Exclusion
criteria were congenital malformations, grade III-
IV intracerebral or intraventricular hemorrhages,
neonatal sepsis, severe perinatal asphyxia, skin
diseases, intrauterine growth retardation.

A total of 29 preterm infants with HSPDA were
examined on the first, third and tenth day. The
patients were assigned to groups depending on the
development of AKI: the AKI group with any degree
of severity - 14 children, and the group without AKI
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- 15 children. In order to determine the influence of
HSPDA size on the level of urine NGAL, the children
were further divided based on ductal size: HSPDA
diameter >2 mm - 11 children, and HSPDA diameter
<2 mm - 18 children. The urine NGAL level was
quantitatively measured using sandwich enzyme-linked
immunosorbent assay according to the manufacturer's
licensed instructions (ELISA Kit, 96, USA).

Clinical examination and treatment of preterm
infants were performed following accepted standard
methods [14,15]. Medical therapy for HSPDA
closure included ibuprofen in 24 preterm infants and
restrictive fluid therapy in 5 preterm neonates [16].

Criteria for HSPDA were a large ductus arteriosus
(>1.5 mm in neonates weighing <1500 g or > 1.4 mm/
kg in neonates weighing >1500 g), a ductal left-to-
right shunt and an increasing pulsatile trans-ductal
shunt pattern, a left atrium-to-aortic root ratio >1.4,
increased diastolic flow in the main pulmonary artery
>0.2 m/s, retrograde diastolic flow in the post-ductal
descending aorta, regional blood flow disorders [2].

AKI diagnosis and severity stratification was
carried out according to the KDIGO stages by the
criteria of its neonatal modification [19]. Serum
concentrations of creatinine were measured on the
first, third, fifth, seventh, tenth day, and urine output
was assessed every 6-12 hours for this purpose.

A set of statistical research methods was used
to address the tasks identified and check baseline
assumptions, namely, for independent samples - the
Mann-Whitney test, for assessing the dynamics - the
Wilcoxon signed-rank test. All numerical data sets
were tested for normality of distribution with the
Kolmogorov-Smirnov test. Statistical analysis of the
results was done using the STATISTICA 6.1®.

The study has a positive conclusion of the
biomedical ethics commission of the Dnipro State
Medical University (protocol of the commission
meeting No. 2 dated October 19, 2022), which
decided that the scientific research of Obolonska
O.Yu. considered to be in accordance with generally
accepted standards of morality, requirements for
observing the rights, interests, and personal dignity of
research participants, bioethical standards for working
with pediatric patients. There is no risk for research
subjects during the work. The legal representatives
of the children involved in the research are informed
about all aspects related to the purpose, tasks, methods
and expected benefit of the research. Laboratory and
instrumental research methods are generally accepted,
the drugs to be used are approved for use. Experiments
on humans were not conducted.

A set of statistical research methods was used to
solve the tasks and check the initial assumptions,
namely: for independent samples - the Mann-
Whitney test, for dynamic assessment - the Wilcoxon
signed rank test. The test for the normality of the
distribution of quantitative samples was carried
out using the Kolmogorov-Smirnov test. Statistical
processing of the results was carried out using the
software product STATISTICA 6.1® (StatSoft Inc.,
serial number AGAR909E415822FA).

The work was carried out within the scope
of complex research works of the Department of
Propaedeutics of Children's Discases and Pediatrics 2
of the Dnipro State Medical University "Development
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of criteria for early diagnosis and prediction of
comorbid kidney damage in children with somatic
and infectious diseases" (state registration number
0119U100836) execution 09.2019-12.2023.

Results and discussion

The mean gestational age was 32.69 + 1.22 weeks.
The mean body weight at birth was 1878.2 + 54.55
g (Table 1).

Table 1

Clinical characteristics of the examined patients

Characteristics

Preterm infants with HSPDA, n=29

Gestational age, Mts (Me; Q1-Q3), weeks

32,69 £+ 1,22 weeks

(33; 32-34)

1878,2 + 54,55 (1920; 1620-2437,5)

Weight, M+s (Me; Q1-Q3), g

1878,2 + 54,55

(1920; 1620-2437,5) 9 (31 %)
Male, n (P) 20 (69 %)
Female, n (P) 9 (31 %)

Apgar score at 1 min, Mts (Me; Q1-Q3), points

6,211,27 (7; 5-7)

Apgar score at 5 min, M+s (Me; Q1-Q3), points

6,7+1,05 (7; 6-8)

Respiratory distress syndrome

19 (65,5 %)

Asphyxia

5 (17,25 %)

Intrauterine infection

5 (17,25 %)

Patent ductus arteriosus size £ 2 mm on the 1st day

18 (62%)

Patent ductus arteriosus size > 2 mm on the 1st day

11 (38%)

The dynamics of the urine NGAL level depending
on the development of AKI is presented in Table 2.
The urine NGAL level at day one in preterm infants
with HSPDA, who developed AKI on the third or
fifth day of life, was 1.7 times higher than that in the
group without AKI (p<0.001). On the third day, the
urine NGAL level in children with AKI was already
2.8 times (p<0.001) higher than this indicator in the
group without AKI. On the tenth day, this ratio was
maintained: the urine NGAL level in AKI children
was 2.6 times (p<0.001) higher than that in the group
of children without AKI.

In the group of children with AKI, a significant
increase in the urine NGAL level was observed from
the first to the tenth day. For example, the urine NGAL
level was 2.2 times (p<0.002) and 2.4 times (p<0.001)
increased on the third and tenth day, respectively,
as compared to that on the first day, while in the
group without AKI, urine NGAL level was 1.3 times
(p<0.04) increased on the third day compared to that
on the first day. On the tenth day, in the group without
AKI, the urine NGAL level was increased by 1.6 times
(p<0.007) compared to that on the first day and by 1.2
times (p<0.03) as compared to that on the third day.

Table 2

Dynamics of the urine NGAL level in preterm infants with HSPDA depending on the presence of AKI,
Mtm (Me; Q1-Q3), ng/ml

. Total, Without AKI, With AKI,
Urine NGAL level n=29 n=15 n=14 p<
82,3%37,22 61,20£23,36 104,9£36,48
On day 1 (67: 55.5-100) (56: 53-61) (98,5; 78-122.5) 0,001
153.7£111,96 82.8:74.55 229,7494,82
On day 3 (91: 61,5-216) (66: 53-77) (208,5; 176-297,3) 0,001
169,7£129,39 95,7497,00 249,0£113,27
On day 10 (111; 68-222) (69: 61-84) (210: 185,5-302) 0,001
P I-11l < 0,001 0,04 0,002
P Ix < 0,001 0.007 0,001
P IlI-X < no no

Note. When comparing independent samples, the Mann-Whitney test was used; when comparing paired data, the
Wilcoxon signed-rank test was used; (‘no’ - no significant difference was observed).

The data obtained were confirmed by a clear
correlation between the urine NGAL level and the
development of AKI. For instance, the urine NGAL
level at the first day was significantly correlated
with AKI on the third and on the fifth day: p=0.72,
p<0.001 and p=0.75, p<0.001, respectively. On the
third day, the urine NGAL level was significantly
correlated with AKI on the third and on the fifth day:
p=0.65, p<0.001 and p=0.73, p<0.001, respectively.
It was particularly important that the urine NGAL

level on the first day was significantly correlated
with the maximum stage of AKI: p=0.76, p<0.001.

An increase in the urine NGAL level on the first
day in children with AKI may be interpreted as a
result of damage to the proximal renal tubules with
a decrease in NGAL reabsorption and an increase in
its urine level.

The dysfunction of the proximal renal tubules
with reduced NGAL reabsorption processes was
evidenced by the progressive and significant increase
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in the urine NGAL level in infants with AKI identified
on the third and tenth day. High levels of urine NGAL
without a downward tendency on the tenth day in
children with AKI could be explained by an increase
in the synthesis of NGAL, which plays a central role in
ensuring the survival of injured cells of the proximal

tubules for their further proliferation [22].

Previous studies have found a relationship between
the patent ductus arteriosus size and the development
of AKI [3]. Therefore, it was important to examine the
dynamics of the urine NGAL level in preterm neonates
depending on the HSPDA size (Table 3).

Table 3

Dynamics of the urine NGAL level in preterm children depending
on the HSPDA size on the first day, Mtm (Me; Q,-Q,), ng/ml

. HSPDA size on the first day
Urine NGAL level <2 mm. n=18 > 2 um. n=11 p<
_ 109,7+40,20
On day 1 >2 mm, n=11 (101: 78-154) 0,002
101,8+82,64 238,7£103,36
On day 3 (66.,5; 55,3-110) (211: 179-334) 0,001
114,4296,80 260,2£128,19
On day 10 (80; 65,5-130,3) (233: 178-344) 0,03
o 1111 < 0,02 0,004
b I-X < 0,002 0,004
p lH-X < no no

Note. When comparing independent samples, the Mann-Whitney test was used; when comparing paired data, the
Wilcoxon signed-rank test was used (‘no’ - no significant difference was observed).

In both groups, regardless of the HSPDA size, the
urine NGAL levels were increased from the first to
the tenth day. In the group with HSPDA > 2 mm, the
urine level of NGAL on the third day was 2.2 times
(p<0.004) higher than that on the first day. On the
tenth day, this index was 2.4 times higher compared
to the first day (p<0.004). Meanwhile, in the group
with HSPDA < 2 mm, the urine NGAL level on the
third day was 1.5 times (p<0.02) higher than that on
the first day, and on the tenth day, the urine NGAL
level was 1.7 times higher (p <0.002) as compared to
the first day.

A correlation between the urine NGAL level
and the size of HSPDA has been found to be quite
revealing. Notably, on the first day, urine NGAL
level was significantly correlated with the HSPDA
size: p=0.66, p<0.001, and on the 10th day, it was
significantly correlated with the ductal size on the
first day: p=0.70, p<0.001. In addition, the urine
NGAL level on the first day was significantly
correlated with the HSPDA size on the third day:
p=0.49, p<0.015. A significant correlation between
the urine NGAL level on the third day with the ductal
size on the third day has also been revealed: p=0.47,
p<0.019. Finally, on the 10th day, the urine NGAL
level was significantly correlated with the HSPDA
size on the third day: p = 0.46, p < 0.022.

Thus, the data obtained by us have confirmed
the fact that renal hypoperfusion associated with
the HSPDA size during the first day resulted in the
elevated urine NGAL level for ten days. In the early
days, that was a manifestation of the proximal renal
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tubule injury, and on the tenth day, that was a sign of
increased renal NGAL production for the proliferation
of the injured proximal tubule epithelial cells.

Our data confirm the data of Zwiers A.J [24],
that urine NGAL can be a marker of acute kidney
injury in children and predict adverse prognostic
consequences [18].

Conclusions.

1. The elevated urine NGAL level has been found
to be a reliable marker of the AKI development
in preterm infants with HSPDA: it was 1.7 times
(p<0.001), 2.8 times (p<0.001) and 2.6 times
(p<0.001) increased on day one, three and ten,
respectively, in children with AKI in comparison
with those examined without AKI.

2. In preterm infants with HSPDA diameter of >
2 mm on the first day, the urine level of NGAL was
significantly increased on the first, third and tenth day.

Prospects for further research. To examine
further the issues of early diagnosis of AKI in children
born prematurely with HSPDA and associated
comorbidities.
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AIATHOCTUYHA 3HAYYIIICTb BIOMAPKEPY JIIITOKAJIIH, ACOIIHOBAHUI 3 KEJATHHA3O0IO
HEUTPO®LIIB, Y CEYI IPUTOCTPOMY NOWKOA)KEHHI HUPOK Y HEJOHOIEHUX AITEHU
3TEMOAUHAMIYHO 3HAYYIIOIO BIIKPUTOIO APTEPIAJIBHOIO MPOTOKOIO

0. I0. Oé6ononcovka ', T. IT. Bopucosa’, JI. I. Baxkynenko !, O. I. Obononcokuir’

JIHinpoBchKMii JepKaBHUI MeAMYHMIi YHiBepcuTeT,
KII «PerionaJbHuii MeTHYHMI HEHTP POTUHHOTO 310poB’si » TOP» 2
(m. Jninpo, Ykpaina)

Pe3rome

Beryn. [IpoGiiema cBoeuacHoi AiarHOCTHKH rocTporo mnourkopkeHHs Hupok (I'TIH) 3a neonaransnoi Mmoaudikanii KDIGO no-
TpeOye MONIyKy Ta BU3HAYECHHS JiarHOCTUYHOI MOXIIMBOCTI HeiHBa3MBHUX MapkepiB. OcobnmBo ypasmusoro rpynoro moxo I'TIH e
HEJOHOIMIEH] JiTH 3 TEMOAMHAMIYHO 3HAUYLIOI0 BiAKPUTOIO apTepianbHoro mpoTokoio( ['3BAII). Penanpuuii Oiomapkep JTinmoKamiH,
accoliioBannii 3 )enarunaszor HenTpodinie (NGAL), y ceui nae moxknuicTs miaraoctysatu [ TIH, ane MOKIHBOCTI HOTO BUKOPHC-
TaHHS € CyNePeWINBUMH 32 JaHUMHU JIITepPaTypH.

Meta gociaiakeHHs] — BU3HAYUTH AIarHOCTUYHI MOXIJIMBOCTI peHanbHOro O6iomapkepy NGAL B ceui 1 paHHBOI A1arHOCTHUKH
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TOCTPOTO MOMIKO/PKEHHSI HUPOK Y HEJOHOIIEHHX MiTel 3 FeMOJMHAMIYHO 3HAYYIIOI0 BiAKPHUTOIO apTepiaabHOIO MIPOTOKOIO

Marepiauau i meToau gocaigxenns. O6crexeno 29 nenonomenux aiteit 3 '3BAII (recraniiiauii Bik 29-36 THXHIB), 010 3HA-
XOJIMJINCH Ha JIIKYBAHHS Y BiJIIJICHHI aHECTE310JI0Tii Ta iIHTEHCHUBHOT Tepartii HOBOHAPOKCHUX, Ha MEPIILY, TPETIO Ta ACCATY 100Y.
[Manientn Oyau po3mojineHi Ha ABi rpymu 3anexHo Bif HassBHOCTI I'TIH. Posmoxin xBopux mpoBesieHo 3anexHo Bijx po3Butky ['TIH:
rpyna 3 ['TIH pi3noro ctymento Tsokkocti — 14 nmiteit, rpyna 6e3 I'TIH — 15 miteid. [ns BusHaueHHs BmiuBy posmipy ['3BAII Ha
piBerb NGAL B ceui nmpoBesieHo po3noain aitei 3 posmipom I'3BAII 6inbuie 2 mm -11 giteit Ta 2 MM i menue -18 pireit. locnimkeno
piBerb NGAL y cedi KiTbKiCHIM METOJIOM, 3aCHOBAHNM Ha IMMyHO(EPMEHTHOMY aHalli3i 32 METOJIOM «CEH/BIU» 3a JTIIEH30BaHUMHI
metonukamu BupoOHuKa (ELISAKit, 96, USA).

JlocniukeHHsT Mae TTO3UTHBHUI BUCHOBOK KOMicii 3 MMTaHb 0i0MeIMYHOT €THKHU J[HINMPOBCHKOTO AEPKABHOTO MEANYHOTO YHIBEPCH-
TeTy (mpotokoi 3acimanus komicii Ne 2 Big 19 xostHs 2022 poky).

BukopucToByBaBCst KOMIUIEKC CTATHCTHYHAX METOMIB JOCITIKEHHS, 30KpeMa: Ui He3ale:KHUX BUOIpOK — KpHuTepiit ManHa-YiTHi,
JUIS OLIIHKY TMHAMIKY — KpUTEpill 3HaKOBHX paHriB Binkokcona. [TepeBipky Ha HOpMaJIbHICTh PO3MOALTY KIIbKICHUX BUOIPOK IIPOBEICHO
3 BUKOpUCTaHHSAM Kkputepito Komvoroposa—CwuipHoBa. CtatucTHdHy 00pOOKYy pe3ynbTaTiB MPOBOIIIIM 3a JOMOMOTOI0 HPOrPAMHOTO
npoaykty STATISTICA 6.1® (StatSoft Inc., cepifiauit Ne AGAR909E415822FA).

Pobora BiKOHaHA B MeKaxX KOMIUIEKCHOT HAYKOBO-I0CIIJHOT pOOOTH Kadeapn MPONEAeBTHKH IUTIUHX XBopoO Ta nexiatpii 2 [IHi-
MPOBCHKOTO JISP’KaBHOTO MEIMYHOr0 yHiBepcHTeTy «Po3poOka kpuTepiiB paHHBOI AIaTHOCTHKH Ta IIPOTHO3YBAaHHS KOMOPOITHOTO ypa-
JKeHHSI HUPOK Y JiTel 3 COMaTHYHUMH Ta 1HQEKUiHHUME 3aXBOPIOBaHHAMIY» (AepxkaBHUi peectpamiitauit No 0119U100836), Tepmin
BukoHauHs 09.2019 p.-12.2023 p..

PesyasTaTn nocaimkenns. Y rpyni giteit 3 'TIH cnocrepiraerses 3naune 3pocranns piBHt NGAL ceui 3 epoi 10 gecstoi 1o00w.
Taxk, Ha TpeTio 100y mokasHuK NGAL ceui migsummscs y 2,2 pa3u NOpiBHAHO 3 mepmioro 10600 (p<0,002), a Ha mecary no0y - y 2,4
pasu (p<0,001) BixHocHo nepuoi noou. Toxi six B rpymni 6e3 I'TIH nokasnuk NGAL ceui Ha TpeTio 100y 36inbmmBes y 1,3 pasu (p<0,04)
MOPIBHSHO 3 mepioro 1060tw. Ha necsry no0y B rpymi 6e3 ['TIH NGAL ceui migsumusces B 1,6 pasu (p<0,007) y HOpiBHSHHI 3 IIEPIIOO
no6oro Ta 1,2 pasu - 3 TpeThOI0 100010.

OtpuMaHi AaHi HiATBEPIKYIOTHCS 4iTKOIO KOpessLiiHoo 3anexHicTio Mik piBHeM NGAL ceui Ta pozsurkom I'TIH. Tak, piBenn
NGAL ceui Ha nepmry 100y 3Hauyie kopentoe 3 ['TIH Ha Tpetio 100y: p=0,72, p< 0,001, Ta Ha 5-Ty 100Yy: p=0,75, p<0,001. Ha Tpetio
100y NGAL ceui 3nauyme kopemtoe 3 I'TIH Ha Tpetio 100y: p=0,65, p<0,001 Ta Ha 5-Ty n106y: p=0,73, p<0,001. OcobmmBO BaXIHBO, IO
piBerb NGAL ceui Ha nepury 100y 3Hadyle Kopeiroe 3 MakcumaibHoto ctagietro ['TIH: p=0,76, p<0,001.

VY HenmoHomeHuX Aiteif 3 po3mipom I'3BAII > 2 MM Ha nepmry no0y xuttst piBenb NGAL ceui Oys B 1,7 pa3u OUIbIIHIT HIX piBEeHB
NGAL y gireii 3 I'3BAII < 2 mm (p<0,002). Lle cioctepiraeTbes i Ha TpeTio A00y: y HEJOHOIIEHHX IiTel 3 posmipom ['3BAII > 2 Mm
piBerb NGAL ceui 6yB B 2,3 pasu Ounbinii Hixx piBenb NGAL y miteii 3 '3BAIl < 2 mum (p<0,001). Ha 10 100y croctepirascs B 2,3
pasu Bummit piserb NGAL ceui B Tpymi 3 JiaMeTpoM IPOTOKHM > 2 MM HiX B Tpy1Ii 3 poTokoro < 2 MM (p<0,003). BusiBunacs moka3oBoro
KopesLiitHa 3anexHicTs nokazHukiB NGAL ceui ta po3mipy ['3BAIL. Tax, NGAL ceui Ha nepury 100y 3Ha4yIie KOPETIO€E 3 PO3MIpOM
I'3BAII Ha nepury 100y: p=0,66, p<0,001, a Ha 10-Ty 100y 3HaYyIIIe KOPETOE 3 PO3MIPOM MPOTOKH Ha mepury 100y: p=0,70, p<0,001.
Takox, NGAL ceui Ha epry no0y 3Hauyme kopentoe 3 ['3BAII Ha tpetro 100y: p=0,49, p<0,015. JloBenena 3nauyma kopensnis NGAL
ceui Ha TpeTio 100y 3 po3mipom BAII Ha TpeTio 100y: p=0,47, p<0,019. Ha 10-Ty 106y NGAL ceui 3Hauymie Kopeintoe 3 po3mipom BATT
Ha TpeTio 100y: p = 0,46, p< 0,022.

Bucnoskn. Ilinsumenuit pisers NGAL ceui € goctoBipanm mapkepom po3sutky I'TIH y nenonomenux miteit 3 ['3BAII: Bin min-
BuinyBascs B 1,7 pasu (p<0,001) na nmepury no0y, B 2,8 pasu (p<0,001) Ha TpeTio Ta B 2,6 pasu (p<0,001) Ha mecaty noly y miTeit 3
I'TTH B nopiBusuHI 3 o6cTexxyBanumu 6e3 ['TIH. V venonomenux nireii 3 niamerpom I'3BAII > 2 mm Ha nepury 100y piBers NGAL ceui
JIEMOHCTpY€E 3Ha4HE MiIBHUINCHHS Ha IEpIIy, TPETIO Ta AecITy 100y.

KarmouoBi cjoBa: menonomeni 1iti; reMoaMHaMivHO 3HAYYIIA BiIKpHTa apTepianbHa mpotoka; NGAL cewi; rocrpe mo-
ILIKOJKEHHS HUPOK.
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